Assessment of left atrium mechanical function by deformation imaging in atrial fibrillation and its correlation with CHA2DS2-VASc risk score  by Ahmed, Mahmoud Kamel et al.
The Egyptian Heart Journal (2015) 67, 209–215HO ST E D  BY
Egyptian Society of Cardiology
The Egyptian Heart Journal
www.elsevier.com/locate/ehj
www.sciencedirect.comORIGINAL ARTICLEAssessment of left atrium mechanical function
by deformation imaging in atrial ﬁbrillation
and its correlation with CHA2DS2-VASc risk score* Corresponding author. Address: Shebin El-Kom, 10th GharabEl-
estadst, Menouﬁya, Egypt.
E-mail address: mahmoudkamel35@gmail.com (M.K. Ahmed).
Peer review under responsibility of Egyptian Society of Cardiology.
http://dx.doi.org/10.1016/j.ehj.2014.08.001
1110-2608 ª 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Cardiology.Mahmoud Kamel Ahmed *, Walaa Fared Abdelazez, Mofeed Ahmad NasifCardiology Department, Menouﬁya University, EgyptReceived 18 May 2014; accepted 2 August 2014
Available online 22 September 2014KEYWORDS
Atrial ﬁbrillation;
Left atrial strain;
Speckle tracking
echocardiographyAbstract Objectives: Evaluation of left atrium (LA) mechanical function by speckle tracking
based strain (SPTS) in patients with chronic non-valvular atrial ﬁbrillation (AF) and its correlation
with CHA2DS2-VASc risk score.
Background: AF is a progressive condition that begins with increased hemodynamic load or struc-
tural remodeling of the atria, understanding atrial function could lead to better ability to predict the
risk of developing stroke and the response to treatment. SPTS is a recently emerged modality that
accurately estimates myocardial function.
Methods: Sixty patients with chronic AF and 20 age and sex matched normal control individuals
underwent conventional echo where LV dimensions, wall thickness, EF, LA diameter and volumes
were measured. Peak left atrial longitudinal strain (PALS) was measured in apical four (AP4) and
two chamber view (AP2) and its correlation with CHA2DS2-VASc risk score in the AF group was
evaluated.
Results: LA diameter and volumes were greater in AF patients (P-value < 0.001). PALS in each
LA wall and in both AP4 and AP2 views were highly signiﬁcantly lower in AF patients in compar-
ison with control but did not reach a statistically signiﬁcant correlation with CHA2DS2-VASc score.
Also, there was no signiﬁcant difference between PALS in patients with CHA2DS2-VASc score less
than and more than two points.
Conclusion: AF leads to impairment of LA mechanical function as evidenced by low PALS but
PALS was not signiﬁcantly correlated with CHA2DS2-VASc score. Also, there was no signiﬁcantly
statistical difference between PALS in patients with low and high CHA2DS2-VASc scores.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Cardiology.1. Introduction
Atrial ﬁbrillation (AF) is the most commonly sustained
arrhythmia in the general population; its prevalence increases
with age and is associated generally with increased mortality.1
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stroke, which is modiﬁed by the presence or absence of several
risk factors.2
Since 2006, stronger evidence has accumulated that there
are additional risk factors that should be considered in assess-
ing thromboembolic risk and would be of value in identifying
those patients at truly low risk.3 The additional risk factors
have been expressed in the CHA2DS2-VASc (congestive heart
failure, hypertension, age P75 years, diabetes mellitus,
previous stroke/transient ischemic attack, vascular disease,
age 65–74 years, sex category; age P75 years and previous
stroke carry doubled risk weight) score, which has been
proposed to complement the CHADS2 score.
3
During the past several years, strain and strain rate imaging
have emerged as a quantitative technique to estimate accu-
rately myocardial function and contractility. Non-Doppler,
Speckle Tracking Strain Imaging (SPTS) is a new echocardio-
graphic technique for obtaining strain and strain rate
measurements. It analyzes motion by tracking speckles in the
ultrasonic image in two dimensions.4
The analysis of left atrial by SPTS is a new tool that can be
used to evaluate left atrial mechanical function.5
We aim in this study to assess LA mechanical function
using SPTS and to study the correlation between SPTS and
CHA2DS2 VASc score.
2. Patients and methods
Sixty patients with persistent non-valvular AF for at least one
month were referred for cardiac assessment in cardiology
department, Menouﬁya University hospital and were com-
pared with 20 apparently healthy individuals with age and
sex matched to the patient group (control group). All partici-
pants provided an informed consent and the study protocol
was approved by the institutional ethics committee. Comorbid
conditions such as diabetes, hypertension, heart failure, history
of stroke and vascular diseases, including coronary artery dis-
ease (CAD), heart attack (myocardial infarction), peripheral
artery disease (PAD), and complex aortic plaque were taken
into account to risk-stratify the subjects according to
CHA2DS2-VAS criteria.
Patients with primary valvular heart disease, congenital
heart diseases, pericardial diseases, resting heart rate greater
than 100 beats per minute and any arrhythmia other than
AF, poor echogenic patients, and patients who refuse to
participate in the study were excluded.
All patients underwent physical examination, 12- lead
ECG, Echocardiographic examination was done using
commercially available Vivid 9 Ultrasound Machine (GE
Vingmed, Horton, Norway) with a multi-frequency 1.7–
4 MHz transducer ‘‘M S5 probe’’ conducted to a single lead
ECG, Echocardiographic imaging was obtained in the para-
sternal long, short-axis views, apical two and four-chamber
views using standard transducer positions. LV end-diastolic
and systolic diameters, septum and posterior wall thickness,
ejection fraction (EF%) by M, Mode, and LA Antero-
posterior diameter by M, Mode in Para-sternal long axis view
and the average of maximum LA volume in A4C and A2C
views were measured.
Speckle tracking echocardiography: Apical four and two
chamber views were obtained, using a conventional 2-D grayscale echocardiography, during breath hold with a stable
ECG recording. 2-D sector width is adjusted to include LA.
Three consecutive cardiac cycles are recorded and the frame
rate is set between 60 and 80 frames per second or at least
40% of HR. Recordings are processed using an acoustic-track-
ing software incorporated in the Vivid Nine system (Echo Pac,
GE Vingmed, Horton, Norway), allowing off-line semi-auto-
mated analysis of speckle-based strain.
To calculate left atrial strain, the atrial endocardium is ﬁrst
traced manually then epicardial surface is traced automati-
cally, and after manually reducing the region of interest to
the atrial thickness, the software automatically divides each
wall into 3 segments apical, mid and basal segments and we
take average of this wall and then the average of the view, once
the longitudinal atrial strain curves have been obtained, mea-
surement of peak atrial strain was taken as the peak of the
positive curve occurring at the end of LV systole (peak atrial
longitudinal strain, PALS). Because there is no software avail-
able to calculate atrial strain until now, we employ the same
software that is used for the analysis of ventricular
myocardium.
2.1. Intra-observer and inter-observer variability
Intra-observer variability was determined by repeating the off-
line measurement of LA speckle tracking measurement in 10
patients one week apart. Inter-observer variability was deter-
mined by comparison of all ofﬂine speckle tracking measure-
ments in 10 patients by two cardiologists who were blinded
to each other’s interpretations. Variability values were calcu-
lated as the absolute difference between the corresponding
measurements in terms of the mean percentage.
2.2. Statistical analysis
Using statistical package for the social science software (SPSS)
version 16, data from the patients and controls were collected
and were subjected to statistical analysis.
Two types of statistics were done: (1) Descriptive: e.g. mean
and standard deviation SD. (2) Analytical: – (A) Student’s t-
test: It is a single test used to indicate collectively the presence
of any signiﬁcant difference between two groups for a nor-
mally distributed quantitative variable. (B) Mann–Whitney
test: It is a nonparametric test of Student’s t-test. It is used
to indicate collectively the presence of any signiﬁcant differ-
ence between two groups for non normally distributed quanti-
tative variables. (C) Pearson’s Correlation analysis (r): It is
used to show strength and direction of association between
two quantitative variables. (D) Spearman correlation analysis
(r): It is used to show strength and direction of association
between a quantitative variable and an ordinal qualitative var-
iable. (E) P value (the probability of error) was considered sig-
niﬁcant as the following: signiﬁcant difference if P< 0.05,
non-signiﬁcant difference if P> 0.05, and highly signiﬁcant
difference if P< 0.001.63. Results
The study includes sixty AF patients (29 males and 31 females)
with mean age of 65.03 ± 8.53 y and 20 healthy individuals as
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60.8 ± 6 y.
Hypertension was the most prevalent risk factor (36
patients (60%)) followed by CHF (22 patients (37%))
(Table 1).
AF patients had signiﬁcantly higher LV dimension (LVED
and LVES), LA diameter (P= 0.001) and volume (P= 0.001)
but signiﬁcantly lower LV EF (48.63 ± 13.17 vs. 64.35 ± 6.36
P= 0.001).
By speckle tracking echocardiography, peak left atrial lon-
gitudinal strain in septal and lateral walls and global AP 4
view, also anterior, inferior walls and global AP 2 view were
highly statistically signiﬁcantly lowered in AF patients than
the control group as shown in Table 3, Figs. 1 and 2.
When values of peak LA strain correlated with CHA2DS2-
VASc score, it did not reach statistical signiﬁcance although it
had a negative trend (P-value > 0.05) as shown in Table 4.
The correlation between CHA2DS2VASc score and LA
dimensions also did not reach statistical signiﬁcance although
it has positive trend as shown in Table 4.
There was no signiﬁcant correlation between the individual
components of CHA2DS2 VASc score and peak left atrial
strain in AF patients except for CHF which had a signiﬁcant
negative correlation (see Tables 5 and 6).
When we compared the value of peak left atrial strain in
patients with CHA2DS2 VASc score less than or equal to 2
(23 patients) with those with score more than 2 (37 patients)
there was no statistically signiﬁcant difference observed.Table 1 Demographic data of the study population.
AF patient group (No. = 60) Control p
Age years 65.03 ± 8.53 60.8 ± 6.
Sex
Male 29 48% 10
Female 31 52% 10
CHF 22 37% 0
HTN 36 60% 0
DM 22 37% 0
Stroke/TIA 2 3% 0
Vascular diseases 26 43% 0
Table 2 Conventional echocardiographic parameters of both group
Parameters
mean ± SD
The studied groups
Patients Con
LVED cm 5.53 ± 1.11 4.8
LVES cm 4.27 ± 1.05 3.1
LV septal wall cm 1.03 ± 0.18 1.0
LV post. wall cm 1.00 ± 0.0 0. 9
EF% 48.63 ± 13.17 64.3
FS% 0.25 ± 0.08 35.3
AO diameter cm 3.20 ± 0.55 2.8
LA diameter cm 5.03 ± 0.85 3.3
Mean LA volume ml 55.4 ± 15.3 3
LVED= left ventricular end diastolic diameter, LVES = left ventricular
in diastole, EF = ejection fraction, FS = fraction shortening, AO = aorAlso there was a non signiﬁcant correlation between left
atrial strain and CHA2DS2 VASc score in patient with score
less than or equal to 2 or those with score more than 2
(Table 7).
3.1. Intra-observer and inter-observer variability
The inter-observer variability coefﬁcient was 5.9% while an
intra-observer variability coefﬁcient was 5.2%.4. Discussion
Atrial ﬁbrillation (AF) is the most commonly sustained
arrhythmia in the general population; its prevalence increases
with age and generally is associated with increased mortality.1
In this study AF patients had signiﬁcantly larger LA diam-
eter (5.03 ± 0.85 vs. 3.30 ± 0.57 P= 0.001) and volume
(55.4 ± 15.3 vs. 38 ± 10.5 P= 0.001) in comparison to the
control group.
Lluı´s et al.7 found that left atrial diameters and volumes were
larger in 107 consecutive patients younger than 65 years, com-
plaint from an episode of AF lasting 48 h duration when were
compared to another group of 107 healthy controls. Also
Dittrich et al.8 studied 3465 participants with chronic non-
valvular AF in 3 multicenters for determining LA diameter by
M-mode echocardiography and found that the mean LA
diameter was 6 mm larger in those with AF at the time ofatient group (No. = 20) Test of signiﬁcance P-value
0 t-test 0.06
1.92
v2-test 0.82
50% 0.05
50%
0% 9.40 0.002
0% 33.33 <0.001
0% 6.59 0.01
0% 0.68 0.05
0% 11.71 <0.001
s.
Test of signiﬁcance P value
trol
5 ± 0.59 2.84 0.007
0 ± 0.55 5.12 0.001
0 ± 0.0 0.81 0.42
5 ± 0.22 1.00 0.33
5 ± 6.36 5.63 0.001
5 ± 4.55 34.53 0.001
5 ± 0.49 2.29 0.03
0 ± 0.57 7.98 0.001
8 ± 10.5 7.09 0.001
end systolic diameter, LV post. wall = left ventricular posterior wall
tic diameter, LA = left atrial diameter, LA= left atrium.
Table 3 Comparison of mean peak LA strain of each wall and mean of each view in studied groups.
Parameters
mean ± SD
The studied groups Test of signiﬁcance
Mann–Whitney U test
P value
Patients Control
Septum % 10.99 ± 8.95 53.30 ± 11.88 5.90 <0.001
Lateral % 13.84 ± 8.83 46.55 ± 8.65 5.87 <0.001
AP4 % 12.42 ± 7.17 49.89 ± 8.45 5.94 <0.001
Inferior % 11.86 ± 9.04 48.65 ± 10.86 5.75 <0.001
Anterior % 11.83 ± 7.20 49.35 ± 9.25 5.94 <0.001
AP2 % 11.85 ± 7.32 49.17 ± 7.97 5.92 <0.001
AP4 = apical 4 champer view, AP2 = apical 2 champer view.
Figure 1 The strain curve of the lateral wall of the LA in normal individual (peak positive strain value of about 56%).
Figure 2 The strain curve of the lateral wall of the LA in patient with AF and CHA2DS2 VASc score 4 (peak positive strain value of
about 5.3%).
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Table 4 Pearson’s correlation between peak LA strain of each
wall in the patient group and CHA2DS2 VASc score.
Correlation in patients CHA2DS2 VASc score
r p-Value
Septum 0.19 0.30
Lateral 0.19 0.33
Anterior 0.19 0.32
Inferior 0.17 0.37
Ap2 0.09 0.62
Ap4 0.24 0.21
LA diameter (PLX) 0.24 0.20
Mean LA volume 0.13 0.50
Table 5 Pearson’s correlation between mean of average LA
strain and CHA2DS2 VASc score component.
Correlation in patients Mean peak atrial strain in both views
r p-Value
CHF 0.34 0.04
HTN 0.04 0.84
Age 75 0.17 0.36
DM 0.06 0.74
Stroke 0.06 0.77
Vascular 0.02 0.90
Age 65–74 0.02 0.92
Sex 0.01 0.96
Table 7 Correlation between peak LA strain patient group
with CHA2DS2 VASc score 62 and >2.
CHA2DS2 VASc score Mean LA
r P value
62 0.08 0.895
>2 0.19 0.392
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42 mm, P< .001).
The higher LA dimensions in the AF group in this study
can be explained by (1) the AF group included 22 patients with
chronic heart failure (CHF) representing 37% from the patient
group and it is well known that CHF leads to an increase in
LA dimensions as demonstrated by Ciofﬁ et al.9who found
that maximal LA volume was markedly increased in patients
with systolic CHF. In CHF with augmented stiffness or
reduced compliance of the LV, LA pressure increases to pre-
serve LV ﬁlling,10 as a result, the Frank-Starling mechanism
begins to operate in the left atrium, leading to chamber dila-
tion and increased contractility, systolic force and work.11 (2)
The AF group includes 36 patients with hypertension (HTN)
representing 60% of the patient group.
Milutinovic´ et al.12 found that the left atrial size was statis-
tically larger in patients with arterial hypertension in relation
to healthy subjects. The larger LA size in hypertensive patients
can be explained by (i) associated diastolic impairment.13 (ii)
The presence of associated mitral regurgitation.14 (3) AF by
itself can cause an increase in LA size, Suarez et al.15 found
that chronic atrial ﬁbrillation occurring in patients withTable 6 Comparison of peak LA strain in patients with CHA2DS2
CHA2DS2 VASc Score
62 >2
No. = 23 No. =
Peak LA strain (Ap2 17.18 ± 5.4 13.36
Peak LA strain (Ap4) 18.52 ± 6.88 12.89structurally normal hearts (‘‘lone atrial ﬁbrillation’’), causes
a slow and progressive increase in left trial size. The
enlargement relates to the total duration of the arrhythmia
and is independent of changes in LV size or function. It can
be attributed to structural remodeling, including atrial
dilatation, hypertrophy, ﬁbrosis, dedifferentiation, apoptosis,
and myolysis.16
In this study, LV dimensions were larger, while LV EF was
lower in AF patients than control (Table 2).
Ling et al.17found that persistent AF patients had lower
ejection fraction than controls and paroxysmal AF patients.
These ﬁndings are in agreement with our study.
The impairment of LV systolic function in AF patients
could be attributed to the etiology of HF as coronary artery
disease or due to tachycardia induced heart failure (TIHF).
Umana et al.18reported that 50% of patients with AF have
some degree of TIHF. Moreover, the prevalence of AF in
patients with heart failure increased in parallel with the sever-
ity of the disease, ranging from 5% in patients with mild to 10–
26% among patients with moderate and up to 50% in patients
with severe heart failure.19
Regarding deformation imaging of the LA; our study dem-
onstrates signiﬁcantly lower peak LA strain in the AF group.
Shaikh et al.20found that mean peak LA strain was lower in
patients with AF as compared to the control group. Further
conﬁrmation was given by Mochizuki et al.21who found that
peak LA strain was reduced in patients with paroxysmal AF
compared with controls, and further reduction was observed
in patients with permanent AF. These ﬁndings are in agree-
ment with our study.
This impairment of LA function in AF patients was attrib-
uted to extensive abnormalities in atrial ultrastructure in the
form of increase in cell size, myolysis, and peri-nuclear accu-
mulation of glycogen and increased interstitial ﬁbrosis.22
Di Salvo et al.23found that during recent onset of lone AF,
the myocardial atrial deformation properties are signiﬁcantly
impaired. The atrial lengthening that occurs during ventricular
ejection is signiﬁcantly reduced, and the atrial shortening that
occurs during ventricular early ﬁlling is also reduced. No atrial
deformation could be detected during late diastole. These ﬁnd-
ings demonstrate that during AF the reservoir and conduit
function are impaired and the booster pump is absent and
conﬁrms an increase in atrial stiffness during AF.VASc score 62 and >2.
Test of signiﬁcance
Mann–Whitney U test
P value
37
± 4.6 1.59 0.11 NS
± 4.6 1.09 0.28 NS
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between CHA2DS2 VASc score and peak LA strain. Also, the
individual components of CHA2DS2 VASc score were not sig-
niﬁcantly correlated with peak LA strain except CHF which
had a negative correlation with peak left atrial strain when
we compared peak atrial strain in patients with CHA2DS2
VASc score less than two with those with score more than
two. There was a non-signiﬁcant difference and also there
was a non-signiﬁcant correlation between left atrial strain
and CHA2DS2 VASc score in patient with score less than or
equal to 2 or those with score more than 2.
Islas et al.24 and Kurosawa et al.25stated that LA strain was
correlated signiﬁcantly and independently with CHA2DS2-
VASc score. These ﬁndings are against our results. However,
Kurosawa found that the components of the score were not
signiﬁcantly correlated with LA strain except for age and
CHF which were independently correlated with LA strain.
Current risk stratiﬁcation schemes such as the CHADS2
and CHA2DS2-VASc scores are based on clinical risk factors
and sub-optimally weight the risk/beneﬁt of anticoagulation.26
These risk factors did not assess LA contractility. AF by itself
impairs LA mechanical function and LA dysfunction occurs
even in lone AF. This is proved by Hong et al.27 who com-
pared forty-ﬁve paroxysmal lone AF patients and 30 healthy
controls in sinus rhythm regarding longitudinal LA strain,
strain rate of booster, reservoir, and conduit function. They
found that LA strain and strain rate of the 3 phasic functions
were reduced in AF patients. Another study was done by Tal-
hat et al.28 who retrospectively studied patients with atrial
ﬁbrillation stroke or TIA, and CHADS2 scores 61 before their
events from a large single-center stroke registry, they com-
pared it with age-matched and gender matched controls and
found that peak positive LA strain was signiﬁcantly reduced
in patients compared with controls (14 ± 11% vs.
25 ± 12%, P< .001).
Even if CHADS2 score is 0 the LA mean strain is reduced
as demonstrated by Li et al.29 who found that LA mean strain
is 18.33 ± 8.57 in the patient group with CHADS2 score of 0.
While Shih et al.30 found that LA peak longitudinal strain in
patients with mean CHADS2 score 2.0 ± 0.7 was
10.44 ± 4.23 which is markedly lowered and is comparable
to our results as the mean peak LA strain was 12.42 ± 7.17
in apical 4 view and 11.85 ± 7.32 in apical 2 view.
6. Conclusion
Atrial ﬁbrillation leads to impairment of LA mechanical func-
tion as evidenced by low PALS but it was not signiﬁcantly cor-
related with CHA2DS2-VASc score. The presence of other risk
factor except heart failure did not affect the net result of AF on
mechanical function which is markedly reduced.
7. Limitations
There are some limitations of the present study. First, our ﬁnd-
ings are based on a relatively small number of patients. Second
we used the LV software for calculation of LA strain parame-
ters as until now; there is no available speciﬁc atrial software.
Third, although we chose patient with persistent AF more than
one month but the effect of different durations of AF on LA
deformation was not assessed and needs further evaluation.Conﬂict of interest
None declared.References
1. Acar Gu¨rkan, Akc¸ay Ahmet, Dogan E, Isik IO, So¨kmen
Abdullah, et al. The prevalence and predictors of atrial ﬁbrillation
in hemodialysis patients. Turk Kardiyol Dern Ars 2010;38(1):8–13.
2. Fuster, Valentin, Lars E. Ryde´n, David S. Cannom, Harry J.
Crijns, Anne B. Curtis et al. ACC/AHA/ESC 2006 guidelines for
the management of patients with atrial ﬁbrillation: full text A
report of the American College of Cardiology/American Heart
Association Task Force on practice guidelines and the European
Society of Cardiology Committee for Practice Guidelines. Devel-
oped in collaboration with the European Heart Rhythm Associ-
ation and the Heart Rhythm Society. Europace 8(9);2006:651–745.
3. Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Reﬁning
clinical risk stratiﬁcation for predicting stroke and thromboem-
bolism in atrial ﬁbrillation using a novel risk factor-based
approach: the euro heart survey on atrial ﬁbrillation. Chest
2010;137:263–72.
4. Perk Gila, Tunick Paul A, Kronzon Itzhak. Non-Doppler two-
dimensional strain imaging by echocardiography–from technical
considerations to clinical applications. J Am Soc Echocardiogr
2007;20(3):234–43.
5. Roberto M. Saraiva, Sayit Demirkol, Adisai Buakhamsri, Neil
Greenberg, Zoran B. Popovic´, James D. Thomas, et al. left atrial
strain measured by two-dimensional speckle tracking represents a
new tool to evaluate left atrial function. J Am Soc Echocardiogr
23(2);2010:172–180.
6. Morton RF, Hebel J, McCarter R. Medical statistics. In: A study
guide to epidemiology and biostatistics, 5th ed. Aspen publication
Gaithersburg, Maryland, 2001. p. 71–74.
7. Lluı´s Mont, Tamborero David, Elosua Roberto, Molina Irma,
Coll-Vinent Blanca, et al. Physical activity height and left atrial
size are independent risk factors for lone atrial ﬁbrillation in
middle-aged healthy individuals. Europace 2008;10(1):15–20.
8. Dittrich Howard C, Pearce Lesly A, Asinger Richard W, McBride
Richard, Webel Richard, Zabalgoitia Miguel, et al. Left atrial
diameter in nonvalvular atrial ﬁbrillation: an echocardiographic
study. Am Heart J 1999;137 3:494–9.
9. Ciofﬁ Giovanni, Gerdts Eva, Cramariuc Dana, Tarantini Luigi,
Lenarda Andrea Di, et al. Left atrial size and force in patients
with systolic chronic heart failure: comparison with healthy
controls and different cardiac diseases. Exp Clin Cardiol
2010;15(3):e45–51.
10. Greenberg Barry, Chatterjee Kanu, Parmley WilliamW, Jeffrey A,
et al. The inﬂuence of left ventricular ﬁlling pressure on atrial
contribution to cardiac output. Am Heart J 1979;98(6):742–51.
11. Rossi Andrea, Cicoira Mariantonietta, Zanolla Luisa, Sandrini
Giorgio, Golia Giorgio, et al. Determinants and prognostic value
of left atrial volume in patients with dilated cardiomyopathy. J Am
Coll Cardiol 2002;40(8):1425–30.
12. Milutinovic´ Suzana, Apostolovic´ Svetlana, Tasic´ Ivan. Left atrial
size in patients with arterial hypertension. Srpski Arhiv Za
Celokupno Lekarstvo 2006;134(3-4):100–5.
13. Pavlopoulos Harry, Nihoyannopoulos Petros. Left atrial size: a
structural expression of abnormal left ventricular segmental
relaxation evaluated by strain echocardiography. Eur J Echocar-
diogr 2009;10(7):865–71.
14. Gerdts Eva, Oikarinen Lasse, Palmieri Vittorio, Otterstad Jan
tian, Wachtell Kristian, et al. Correlates of left atrial size in
hypertensive patients with left ventricular hypertrophy the losar-
tan intervention for endpoint reduction in hypertension (LIFE)
study. Hypertension 2002;39(3):739–43.
Assessment of left atrium mechanical function by deformation imaging 21515. Suarez Guillermo Sosa, Lampert Steven, Shmuel Ravid, Lown
Bernard. Changes in left atrial size in patients with lone atrial
ﬁbrillation. Clin Cardiol 1991;14(8):652–6.
16. Jong De, Margreet Anne, Maass Alexander H, Oberdorf-Maass
Silke U, Van Veldhuisen Dirk J, Van Gilst Wiek H, et al.
Mechanisms of atrial structural changes caused by stretch occur-
ring before and during early atrial ﬁbrillation. Cardiovasc Res
2011;89(4):754–65.
17. Ling Liang-Han, Kistler Peter M, Ellims Andris H, Iles Leah M,
Lee Geraldine, Hughes Gerard L, et al. Diffuse ventricular
ﬁbrosis in atrial ﬁbrillation noninvasive evaluation and relation-
ships with aging and systolic dysfunction. J Am Coll Cardiol
2012;60(23):2402–8.
18. Umana Ernesto, Arturo Solares C, Alpert Martin A. Tachycardia-
induced cardiomyopathy. Am J Med 2003;114(1):51–5.
19. Maisel William H, Stevenson Lynne Warner. Atrial ﬁbrillation in
heart failure: epidemiology pathophysiology and rationale for
therapy. Am J Cardiol 2003;91(6):2–8.
20. Shaikh Amir Y, Maan Abhishek, Khan Umar A, Gerard P, et al.
Speckle echocardiographic left atrial strain and stiffness index as
predictors of maintenance of sinus rhythm after cardioversion for
atrial ﬁbrillation: a prospective study. Cardiovasc Ultrasound
2012;10(1):10–48.
21. Mochizuki Atsushi, Yuda Satoshi, Oi Yukiko, Kawamukai Mina,
Nishida Junichi, et al. Assessment of left atrial deformation and
synchrony by three-dimensional speckle-tracking echocardiogra-
phy: comparative studies in healthy subjects and patients with
atrial ﬁbrillation. J Am Soc Echocardiogr 2013;26(2):165–74.
22. Kuppahally Suman S, Akoum Nazem, Nathan S, Burgon Troy J,
et al. Left atrial strain and strain rate in patients with paroxysmal
and persistent atrial ﬁbrillation relationship to left atrial structural
remodeling detected by delayed-enhancement MRI. Circ Cardio-
vasc Imaging 2010;3(3):231–9.
23. Di Salvo Giovanni, Caso Pio, Piccolo Rosalia Lo, Fusco Angela,
Martiniello Alfonso R, et al. Atrial myocardial deformationproperties predict maintenance of sinus rhythm after external
cardioversion of recent-onset lone atrial ﬁbrillation a color
Doppler myocardial imaging and transthoracic and
transesophageal echocardiographic study. Circulation 2005;112(3):
387–95.
24. Islas F, Olmos C, Paiva M, Vieira C, De Agustin A, Rodrigo JL,
et al. Thromboembolic risk in atrial ﬁbrillation: association
between left atrium mechanics and risk scales. A study based on
3DWMT. Eur Heart J 2013;34(Suppl. 1):2026.
25. Kurosawa K, Negishi K, Tateno R, Masuda K, Obokata M,
Houjou Y, et al. Relationship left atrial strain and CHA2DS2-
VASc score compared to left atrial appendage emptying ﬂow
velocity. Eur Heart J 2013;34(1):2024.
26. Provideˆncia Rui, Paiva Luı´s, Barra Se´rgio. Risk stratiﬁcation of
patients with atrial ﬁbrillation: Biomarkers and other future
perspectives. World J Cardiol 2012;4(6):195–200.
27. Hong Jin, Gu Xiaoyan, An Ping, Luo Taiyang, Lv Qiang, et al.
Left atrial functional remodeling in lone atrial ﬁbrillation: a two-
dimensional speckle tracking echocardiographic study. Echocar-
diography 2013;30(9):1051–60.
28. Azemi Talhat, Rabdiya Vimal M, Ayirala Srilatha R, McCullough
Louise D, Silverman David I. Left atrial strain is reduced
in patients with atrial ﬁbrillation, stroke or TIA, and low
risk CHADS2 scores. J Am Soc Echocardiogr 2012;25(12):
1327–32.
29. Li Yihui, Ding Wenyuan, Wang Hua, Song Nianpeng, Lin Leyu,
Wang Zhihao, et al. Relationship of CHA2DS2-VASc and
CHADS2 score to left atrial remodeling detected by velocity
vector imaging in patients with atrial ﬁbrillation. PLoS One
2013;8(10):e77653.
30. Shih Jhih-Yuan, Tsai Wei-Chuan, Huang Yao-Yi, Liu Yen-Wen,
Lin Chih-Chan, Huang Yu-Shan, et al. Association of decreased
left atrial strain and strain rate with stroke in chronic atrial
ﬁbrillation. J Am Soc Echocardiogr 2011;24(5):513–9.
